Abstract -Transmission and energy losses of 2 MeV/u Carbon and Sulphur beams passing through a plasma target, have been extensively investigated. A hydrogen plasma ignited by an electrical discharge was coupled to the Orsay Tandem beam accelerator. Fluctuations in beam transmission have been, observed and attributed to a magnetic focusing effect generated during the plasma evolution.
-INTRODUCTION
The experimental investigation of the interaction of an heavy ion beam with a dense plasma is a very recent challenge which have been undertaken two years ago at Orsay and Darmstadt /ref. 1, 2, 3, 4/.
The background of these experiments is linked with the inertial confinement fusion (I.C.F). In heavy ion driven inertial fusion, the compression and heating for ignition of the reaction is achieved by means of intense beams striking a spherical pellet containing the D-T fuel.
The figure /1/ presents the well known numerical simulation of the Heavy Ion Beam I.C.F. corresponding to the HIBALL project /ref. 5/. This diagram displays some features of the target dynamics and represents a typical I.C.F. scenario. A 5 MJ, 500 TW Bi beam converges sphericaly toward the target pellet. During the first 10 ns of the interaction, the outer absorber layer is vaporised and the main part of the interaction process ( nearly80 %) takes place in a plasma medium with different temperature and density gradients.
The knowledge of the energy deposition laws in such a medium are thus essential to optimize the beam profile and the target structure. Our experimental goal was to check the validity of theoretical predictions concerning stopping power in hot matter, which indicate an enhanced stopping power relatively to cold matter /ref. 6/.
The principle of the measurement is very simple. The plasma target, which has been described by A. FLEURIER, (see contribution to this workshop and ref. 7) is interposed on a beam line. The Sulphur or Carbon beam delivered by the Orsay Tandem accelerator was bunched with a nicrostructure of 2.5 MHz, that is to say, one burst every 400 ns. The width of this beam pulse was adjusted to 2 ns and the incident energy (2 MeV/u), was given by the machine with a relative precision of 10" 1 *. After interaction, the energy loss was simply deduced from a comparison of the beam pulse energy before and after interaction with the plasma. The velocity of the ions after interaction is measured by a time of flight technique. If we know the density of free electrons inside the plasma were are thus able to deduce the corresponding stopping power. 
-EXPERIMENTAL SET UP
2.1 General p r e s e n t a t i o n F i g u r e ( 2 ) presents t h e experimental s e t up. The hydrogen plasma t a r g e t i s connected t o t h e beam l i n e v i a two l o n g c o l l i m a t o r s . T h i s i s d o n e t o suppress any m a t t e r on t h e beam t r a j e c t o r y and t o m i n i m i z e s t r a g g l i n g sources i n t h e energy l o s s process. T h i s i m p l y a powerful d i f f e r e n t i a l pumping system. A Faraday cave has been b u i l t around t h e plasma u n i t i n c l u d i n g c a p a c i t o r bank and power supply i n o r d e r t o reduce e l e c t r o m a g n e t i c a l p e r t u r b a t i o n d u r i n g t h e plasma b u r s t . F i g u r e (2)
shows t h e plasma generator and i t ' s i n t e r f a c e w i t h t h e beam l i n e . Three stages o f pumping a r e s u c c e s s i v e l y a p p l i e d t o absorb t h e hydrogen leakage i n o r d e r t o be a b l e t o open t h e beam l i n e toward t h e machine vac um (around T o r r ) .
Tinie o f f l i g h t measurement
For t h e same reasons t h a t we suppressed windows t o c o n f i n e t h e plasma, i t
i s necessarv t o a v o i d any m a t t e r on t h e i o n t r a j e c t o r y d u r i n g t h e t i m e o f f l i g h t measurement. The phase probe o f f e r s a very a t t r a c t i v e s o l u t i o n t o cope w i t h t h i s problem o f m a t t e r l e s s t i m e p i c k o f f . I t c o n s i s t s i n a copper c y l i n d e r connected t o a c u r r e n t a m p l i f i e r . The beam b u r s t passes through t h e c y l i n d e r and i t induces by c a p a c i t y c o u p l i n g a charge movement which corresponds t o upper s i g n a l o f t h e f i g u r e ( 3 ) .

The a s s o c i a t e d c u r r e n t i s presented j u s t below, and t h i s b i p o l a r e l e c t r i c a l s i g n a l i s used t o p e rf o r m t h e t i m e p i c k o f f . I f t h e l e n g t h o f t h e beam p u l s e f i t s t h e l e n g t h o f t h e copper c y l i n d e r we a r e a b l e t o determine t h e c e n t r o i d o f t h e beam p u l s e by d e t e c t i n g t h e zero c r o s s i n g o f t h e s i g n a l . j p e c i a l a t t e n t i o n has been p a i d t o t h e s h i e l d i n g o f t h e d e t e c t o r a g a i n s t e l e c t r o m a g n e t i c a l p e r t u ra a t i o n s due t o t h e plasma f l a s h . A l l t h e system i s c a r e f u l l y grounded and as much as p o s s i b l e we have t r i e d t o reduce sources o f n o i s e p i c k up. For i n s t a n c e t h e low v o l t a g e power supply o f t h e a m p l i f i e r i s r e a l i z e d
w i t h Cd-Ni accumulators. T h i s suppresses l o n g c a b l e s coming from e x t e r n a l e l e c t r o n i c s elements. F i g . 3 -Phase probe s i g n a l (see t e x t ) .
Three phase probes a r e p l a c e d a l o n g t h e beam l i n e . The f i r s t one i s p l a c e d upstream r e l a t i v e t o t h e plasma generator. The d e t e c t i o n o f t h e p u l s e b e f o r e i n t e r a c t i o n i s used t o t r i g g e r t h e a c q u is i t i o n system. A second one i s l o c a t e d dowstream j u s t behind t h e plasma tube and i t d e l i v e r s t h e s t a r t s i g n a l f o r t h e t i m e o f f l i g h t a n a l y s i s . The t h i r d phase probe d e l i v e r s t h e corresponding s t o p s i g n a l . The d i s t a n c e between these two d e t e c t o r
s i s 8.7 m. I n t h i s c o n f i g u r a t i o n each beam p u l s e t r a v e l l i n g through t h e experimental s e t up d e l i v e r s 3 t i m i n g s i g n a l s . The a b s o l u t e t i m e s h i f t i s o b t a i n e d by d i f f e r e n c e between measurements w i t h and w i t h o u t plasma. Three p i c s l a b e l l e d PSI, PS2, PS3 correspond t o t h e s i g n a l s o f t h e t h r e e phase probes . One beam b u r s t i s a s s o c i a t e d w i t h t h r e e p i c s . Between two PSI o r PS2 o r PS3 we f i n d t h e m i c r o s t r u c t u r e o f t h e beam : 400 ns. Time d i f f e r e n c e between PS2 and PS3 corresponds t o t h e v e l o c i t y o f t h e beam a f t e r i n t e r a c t i o n . The e v o l u t i o n o f t h i s t i m e i n t e r v a l between PS2 and PS3 f r o m vacuum measurement t o plasma measurement corresponds t o t h e i n f o r m a t i o n which i s o f i n t e r e s t i n o u r case. A s p e c i a l a c q u i s i t i o n d e v i c e c a l l e d Mu1 t i s t o p c o n v e r t e r (CTN) / r e f . 8/ enables us t o d i g i t i 1 i z e up t o 255 t i m e r e c o r d s d u r i n g a chosen p e r i o d . T h i s t i m e window was f i x e d t o 16 MS. D u r i n g t h i s p e r i o d about 40 beam b u r
s t s pass though t h e plasma. That i s t o say t h a t each 400 ns t h e s t o p p i n g power i s measured and i t s e v o l u t i o n w i t h t i m e i s i n v e s t i g a t e d every 400 ns d u r i n g t h e 16 us o f t h e window time. Then we can proceed t o s e r i e s o f plasma shots and i f t h e plasma c o n d i t i o n s a r e r e p r o d u c i b l e we can expect t o o b t a i n t h e same r e s u l t f o r a g i v e n p e r i o d o f a n a l y s i s .
-PRELIMINARY
Beam transiiiission through t h e plasma Two s o r t s o f r e s u l t s have been o b t a i n e d d u r i n g these e x p e r i m e n t s l r e f . 41. The f i r s t one which was expected on t h e b a s i s of t h e o r e t i c a l p r e d i c t i o n s ( t h e s t o p p i n g power measurement). Another one, more s u r p r i s i n g , which concerns t r a n s m i s s i o n o f t h e i o n beam through t h e plasma. F i g u r e (4) d i s p l a y s t h e PS2 d e t e c t o r response. The amplitude o f t h e phase probe s i g n a l i s p r o p o r t i o n n a l
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c -t i m e d i l a t a t i o n o f PS2 s i g n a l . t o the charge y i e l d i n s i d e a beam pulse. Before i g n i t i o n o f the plasma t h i s amplitude corresponds t o the beam transmission i n the c o l d gas. The f i r s t t e n microseconds correspond t o the i g n i t i o n o f the plasma. A f t e r a s h o r t p e r i o d during which the noise p i c k up p r e v a i l s we observe an a t t e n u a t i o n o f the phase probe response, i n d i c a t i n g a l o s s o f global charge y i e l d i n the detected b u r s t by a f a c t o r 2. This attenuation has n o t y e t been c l e a r l y a t t r i b u t e d b u t reasonable hyoothesis i n an enhanced s t r a g g l i j~g o r a defocusing e f f e c t which d e f l e c t e d p a r t o f t h e beam o u t s f a x i s and then
reduces the t r a n s n i s s i o n o f t h e beam through the e x i t c o l l i m a t o r .
More i n t e r e s t i n g are these two time windows during which, on the c o n t r a r y we can n o t i c e an increasi n g amplitude o f the detected signal. This allows us t o assume a plasma focusing c o n f i g u r a t i o n d u ri n g which the transmission through the c o l l i m a t o r s increase by a f a c t o r 4. A comparison w i t h t h e e v o l u t i o n o f the c u r r e n t f l o w i n s i d e the plasma tube during the discharge, i n d i c a t e s t h a t the transmission windows are c o r r e l a t e d w i t h p o s i t i v e alternances o f the current. This focusing defocusing effect seems t o be l i n k e d w i t h t h e magnetic i n s t a b i l i t i e s generated during the discharge. A more complete understanding o f t h i s phenomena i s essential t o optimize the transmission process. This can a l s o be the source o f i n t e r e s t i n g a p p l i c a t i o n s t o focus beams i f t h i s e f f e c t i s c o n t r o l led. This i s n o t y e t the case and we need s p e c i f i c experiments t o determine magnetic p r o f i l e s i n s i d e the tube and t o vary the plasma parameters (geometrical c o n f i g u r a t i o n o f t h e electrodes f o r instance).
Anyway, the o n l y aspect t h a t we have considered i n these experiments was the o p p o r t u n i t y t o r e a l i s e beam pulse time o f f l i g h t i n good conditions, by s e l e c t i n g t h e appropriate time period.
Stopping power measurements
Measurements have been made during the two appropriate time window : 20 t o 35 ps and 50 t o 75 ps. These two regions present plasma c h a r a c t e r i s t i c s which are completely d i f f e r e n t . A q u i t e good agreement i s observed between experimental and c a l c u l a t e d values i n the region 20 -25 ~s f o r which the plasma d e n s i t y and i o n i s a t i o n are r a t h e r high. The two dashed l i n e s correspond t o the 1 i m i t s o f u n c e r t a i n t i e s due mainly t o the n e u t r a l atom determination (50 % u n c e r t a i n t y ) .
I n the region 60 -75 us the d i f f e r e n c e between A€ and AEC i s s l i g h t l y o u t o f t h e u n c e r t a i n t y range. This region corresponds t o the low density and temperature region where the r e l a t i v e cont r i b u t i o n o f bound electrons i s important. More recent measurements i n d i c a t e t h a t the c o l d gas c o r r e c t i o n has t o be estimatedvery c a r r e f u l l y . W e probably underestimate t h i s c o l d gas c o r r e c t i o n and a new c o n s t r u c t i o n o f t h e i n t e r f a c e w i t h the d i f f e r e n t i a l pumping system i s under study.
Anyway, these measurements present a good evidence whichhas been confirmed i n the Darmstadt experiments o f an enhanced stopping power by a f a c t o r about two, o f the plasma r e l a t i v e t o i t s equivalent c o l d matter.
Finaly two comparisons which c o n f o r t our a n a l y s i s w i l l be presented : a comparison between a Carbon run and a Sulphur run, and a comparison between two Sulphur runs o b t a i n f o r two d i f f e r e n t plasma d e n s i t i e s (same time r e g i o n ) . Figure (7) . The f i r s t graph (a) presents time o f f l i g h t measurements f o r Carbon and Sulphur experiments. The corresponding stopping power expressed i n MeV are 4.3 MeV f o r t h e Sulphur ions as i t was already mentionned and 0.86 MeV f o r t h e Carbon e x p e r iment. These two values are roughly i n the r a t i o o f the e f f e c t i v e charge s t a t e (5). Given t h a t the i n c i d e n t v e l o c i t y i s the same f o r the two i n c i d e n t s ions, t h i s r a t i o corresponds t o the expected behaviour. Now f o r the same time window, a comparison between two plasma d e n s i t i e s obtained varying the i n t e n s i t y o f t h e e l e c t r i c a l discharge : 11 and 13 KV (b). W e observe an increasing stopping power which can be compared w i t h the corresponding measured d e n s i t i e s and i o n i s a t i o n r a t i o s . The more intense discharge i s associated t o an energy l o s s o f 4.61 MeV, the lower one t o 4.26 MeV. A f t e r c o l d gas c o r r e c t i o n and t a k i n g i n t o account o f the measured i o n i s a t i o n r a t i o i n t h i s time region
